MUSTARD GAS (dichlorodiethylsulphide) was first used by the Germans at Ypres in 1917. At the time, the large number of casualties, the urgency of the situation and the absence of facilities for the minute examination of' the eyes combined to account for the relatively rare and incomplete studies of the ocular lesion published during and just after the war of 1914-18. Interest in the subject dropped though occasional case-histories and speculations as to after-effects appeared between 1920 and 1935, but after that period interest again revived as it became clear-that slightly mysterious cases of recurrent corneal ulceration were occurring among men subjected to relatively heavy doses of mustard gas ten to twenty years previously. The attention of one of us was first called to these cases of delayed mustard gas keratitis by Mr. T. J. Phillips, who collected a large number (70) at Moorfields with carefully recorded case-histories and detailed clinical and slit-lamp investigations (Proc. Roy. Soc. Med., 1940, 33, 229 (Sect. Ophthal., 5)). It was then apparent that a large gap existed in our knowledge of the progress of the condition. No records were known of the state of the eyes between the initial stage at the time of exposure and the subsequent onset of recurrent ulceration years after. The patients stated that they had been practically symptom-free during the interval, had continued in ordinary work and apparently suffered no visual disability. From the onset of the delayed keratitis, however, they experienced rapid deterioration of sight.
A Study of Mustard Gas Lesions of the Eyes of Rabbits and Men
By IDA MANN, D.SC., F.R.C.S., and B. D. PULLINGER, M.D. MUSTARD GAS (dichlorodiethylsulphide) was first used by the Germans at Ypres in 1917. At the time, the large number of casualties, the urgency of the situation and the absence of facilities for the minute examination of' the eyes combined to account for the relatively rare and incomplete studies of the ocular lesion published during and just after the war of 1914-18. Interest in the subject dropped though occasional case-histories and speculations as to after-effects appeared between 1920 and 1935, but after that period interest again revived as it became clear-that slightly mysterious cases of recurrent corneal ulceration were occurring among men subjected to relatively heavy doses of mustard gas ten to twenty years previously. The attention of one of us was first called to these cases of delayed mustard gas keratitis by Mr. T. J. Phillips, who collected a large number (70) at Moorfields with carefully recorded case-histories and detailed clinical and slit-lamp investigations (Proc. Roy. Soc. Med., 1940, 33, 229 (Sect. Ophthal., 5)). It was then apparent that a large gap existed in our knowledge of the progress of the condition. No records were known of the state of the eyes between the initial stage at the time of exposure and the subsequent onset of recurrent ulceration years after. The patients stated that they had been practically symptom-free during the interval, had continued in ordinary work and apparently suffered no visual disability. From the onset of the delayed keratitis, however, they experienced rapid deterioration of sight.
Since the subject of prophylaxis and treatment of mustard gas lesions of the eyes had again assumed great importance and since improved methods of examination (e.g. introduction of the slit-lamp) and facilities for experiment were available we decided to undertake an inquiry into the clinical pathology of the lesion based in the first place on animal experiment and secondly on laboratory accident cases.
The work falls into two sections, firstly, experiments on rabbits carried out at the Imperial Cancer Research Fund Laboratory by the kindness of the Council and the Director, Dr. W. E. Gye, and secondly, the correlation of the results of animal experiments with recent and late accident and war cases studied by one of us at the Royal London Ophthalmic (Moorfields) Hospital, and at various experimental laboratories where mustard gas is being handled at the present time.
PART I THE PATHOLOGICAL EFFECTS OF MUSTARD GAS ON THE EYES OF RABBITS
A strain of crossed Dutch rabbits with blue irides and a ring of pigmented conjunctival epithelium at the limbus is used for preference. Brown-eyed 
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Rabbits are suitable since they reproduce lesions almost identical with those seen in man, though they require a larger dose to do so. Their pathological processes are speeded up in proportion to their shorter expectation of life, and since the life of a rabbit is roughly one-tenth that of a man, a result which would take ten years to develop in a man may be obtained in a rabbit within a year.l It has thus been possible to study the genesis of delayed keratitis in eighteen months' work.
Rabbits show certain anatomical and physiological differences from man which are useful also from an experimental point of view. Their cornete are relatively insensitive and their blinking reflex is often delayed for twenty minutes. It is therefore possible to keep the eyes open during long periods of observation without introducing complications due to abnormal drying of the cornea. The normal rabbit cornea usually shows a faint punctate staining with fluorescein from minute injuries with foreign bodies and from drying, but the epithelium is resistant and spontaneous ulceration or even conjunctivitis is rare. The possibility of infection is therefore not great and the induced lesions can be studied in their uncbmplicated state. The greater area of the cornea relative to the sclerotic in rabbits makes them rather more suitable than is man for the study of corneal lesions and less 'so of combined conjunctival and corneal lesions. The fact that the vessels corresponding to the major circle of the iris are in rabbits visible through the cornea is also an advantage when observing early stages of iritis, while the palpebral aperture is sufficiently wide to allow of the examination of the limbus all round, which cannot be done in the smaller experimental animals such as guinea-pigs and rats. We found by experiment that the sequence of events following the application of mustard gas to the eye varies very considerably with the technique of the application and that these variations are dependent on the anatomical site at which the mustard comes in contact with the eye, on the time it remains in contact and therefore on the size of the dose. It was therefore decided that a detailed study of the local lesion produced by a constant dose confined in turn to (a)' the cornea, (b) the limbus, and (c) the lids and conjunctiva, would give more information than the application of varying concentrations to the whole eye and adnexa at once, although this also was studied when severe effects were required.
If every precaution is taken to ensure similarity of dose and accuracy of application the results obtained are of great constancy and suggest an inevitable chemical reaction rather than a biological response subject to individual variation. These results will be considered first with reference to anatomical site.
(1) THE UNCOMPLICATED CORNEAL LESION Observations were made on 33 eyes in this group. The rabbit is anaesthetized with ether and laid on its side. This is necessary on account of the peculiar oily consistency of liquid mustard, which tends to slide about on the eye under the action of gravity and which unless carefully controlled, may not exert its action at the apparent site of application. To see the liquid mustard more easily and thus control it, a small quantity of sudan black is added. This makes it visible on a blue eye and does not modify its action in any way. In the experiments which follow, the mustard gas used was an impure sample of the liquid. The lesions are thus likely to be comparable with those expected in man. The application is made with a glass rod having a small rounded end 025 mm. in diameter. The tip is dipped in the liquid mustard gas and applied lightly to the cornea without abrading the epithelium. From three to nine spots of mustard are used, arranged in a circle in the central area. The diameter of this circle should be less than two-thirds the diameter of the whole cornea, otherwise the limbus may become involved by spreading. The lids should be held open for fifteen minutes, either by hand or with a speculum. At the end of fifteen minutes the liquid mustard disappears, leaving a thin film of sudan black on the surface of each spot. This may be removed by touching lightly with filter paper or may be left. The eye is then allowed to close and the rabbit to recover. In some cases the rabbit was not anaesthetized and the application did not appear to be painful. The sequence of events was then studied in detail.
1 This calculation is based on observations made on spontaneous cancer in man and animals and on the induction of cancer by means of carcinogenic agents. It can be shown also that this rough proportionalitv exists in healing lesions. It has been borne out in the present paper.
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Observations.-Day of application: The liquid mustard tends to slide unless the centre of the cornea is maintained in an upward facing position for four minutes. After four minutes there is practically no tendency to slide. The small droplet is at first hemispherical and projects from the surface of the cornea. After about a minute it often changes its shape, puts out pseudopodia and begins to slide. From observations on sliding droplets it is possible to say that contact for two to three seconds is sufficient to destroy the epithelium. If a droplet remains in contact for longer than this it begins to penetrate the substantia propria. It reaches Descemet's membrane and endothelium in two minutes. In 6-5 minutes (average) it has passed through the cornea and the aqueous and has reached the iris where it produces localized hyperaemia. In most cases the hyperaemia gradually spreads to involve the whole iris. In four minutes none of the droplet remains on the surface. If droplets be placed over a sector of the iris and not in the centre of the cornea the small radial vessels running from the major circle towards the pupil will be seen to flush first ( fig. 1 , Plate I). After a few minutes more the larger vessels running peripherally from the major circle dilate also. This flushing of the iris may persist as an iritis lasting some days accompanied by aqueous flare and occasionally there is a true exudate in the anterior chamber.
As the droplets soak into the cornea they appear to dig little pits in the epithelium into which they gradually sink. Abundant clear or milky tearsl are poured out immediately.
If fluorescein is dropped into the eye within a few minutes of the application of the mustard there will be no staining. In a quarter to half an hour the points of application are stained, but nothing else. As the effect of the mustard spreads the stained areas increase so that at twenty-four hours there is a large central stain embracing all the spots of the application. This may increase further up to forty-eight hours, though it usually begins to heal at about thirty hours.
There is no immediate change in transparency of the cornea and in unaniesthetized rabbits the application does not appear to be at all painful. After some hours the eyes look a little watery and there is some hyperaemia of the conjunctiva. There is no visible change in the substantia propria on the first day. Slit-lamp examination reveals damage to the endothelium which shows a " beaten silver reflex ".
After twenty-fouir hours: The conjunctival hyperiemia has increased slightly, but there is no discharge, beyond occasionally a little dried mucus at the inner canthus. The lids show no abnormality.
The area of staining in the centre of the cornea is circular and includes all the spots of application. Occasionally the exact sites of the droplets can be seen as small greyish dots within the stained area. The stain penetrates the whole thickness of the cornea more rapidly than normal and diffuses into the aqueous in from three to five minutes.2 The greyish areas (i.e. the worst affected) often take up the stain less well than the region just surrounding them ( fig. 2 , Plate I). The area involved therefore shows a central region over which the epithelium is destroyed and within which there are denser.grey spots marking the sites of the droplets. The large area of destruction of the epithelium is due probably in part to spread of the mustard by soaking into the tissue in all directions and partly to a vapour effect from evaporation of the droplets during the time in which they are on the surface.
The epithelium surrounding the staining area is cedematous (epithelial bedewing) and if the diameter of the stained area is two-thirds that of the cornea this bedewing will extend to the limbus. Otherwise the edges of the cornea will be normal.
The substantia propria of the cornea is now no longer transparent, but shows a greyish haze in the central region. This is due to cedema which separates the fibres and gives a very characteristic slit-lamp appearance of dark (optically emptv) spaces outlined by irregular fluffy whitish partitions ( fig. 3 , Plate I). This appearance is most conspicuous in the superficial third of the substantia propria. The cornea may be swollen to twice its normal thickness or more in severe cases. 1 The milky secretion appears to well out from under the third eyelid and is probably Harderian.
2 If the epithelium is mechanically removed from a rabbit's cornea and fluorescein dropped in, the stroma is stained half-way through in five minutes, all through in ten minutes and in twelve minutes the endothelium is stained and the colour begins to appear in the aqueous.
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The edidothelium may be completely destroyed in the centre of the lesion or may show a disturbed reflex like beaten silver. At two days, the staining area is usually smaller, but the endothelial disturbance and the cedema of the substantia propria are worse. There is a zone of epithelial bedewing around the staining area, and beyond that single hydropic cells can be seen here and there in the epithelium some distance away. These cells, seen as single, bright, shining points are also characteristic of recent lesions of moderate severity in man. There is no discharge.
At three-das there is still slight conjunctival hyperaemia, but no discharge and no abnormality of the lids. There may be a small central staining' area, but in the smaller lesions this has usually disappeared, and the epithelium is intact though still bedewed. The cedema of the substantia propria is lessening and as it subsides the cornea returns to its normal thickness but not to its normal texture. Instead of its usual homogeneous and slightly speckled appearance it now shows a series of thin shiny curved lines, running in all directions and looking rather like fibrils of floss silk scattered throughout the thickness of the cornea ( fig. 4 , Plate I). This "silkiness" is best seen in the broad beam of the slit-lamp. In the narrow beam the cross sections of the silky lines show up as scattered bright dots and short, shiny, stratified lines. Silkiness is first seen on the third day in a zone, round the centre of the lesion, where the cedema is subsiding. As this subsidence continues the silkiness increases until the whole of the central area shows it. The endothelial disturbance is still present, but the area of destruction is lessening.
At four days there is no staining of the epithelium and the bedewing and cedema are less. The lesion can be resolved into three concentric zones. The centre shows some cedema of the substantia propria. Surrounding this is an area of " silkiness " which corresponds to the area of endothelial disturbance and outside this again is the outer edge of the area of epithelial bedewing. Thus the largest circle represents the area of damage to the epithelium, with a smaller zone within it in which the substantia propria and the endothelium are altefed. The endothelium can be seen regenerating at the edges of the patch of destruction.
The lesion is therefore practically quiescent at four days. The cedema continues to subside and its place is taken by the silky appearance.
. At seven days there is no cedema and only slight epithelial bedewing in the centre. The silky change is well developed and the endothelium still shows a disturbed reflex. The eye looks perfectly quiet and normal to macroscopic examination. The silky change if excessive may show as a very faint nebula in certain lights, but is difficult to see without a slit-lamp. It appears to be more or less permanent though in the course of months it becomes less marked. The endothelial disturbance disappears completely in time and is usually gone at eleven days. The epithelial bedewing lasts the longest and may persist in the centre for several weeks (up to five in a nine-spot lesion). In man it lasts much longer and there is some evideuce that it may be permanent though very slight. Isolated hydropic cells can be detected for a long time in both man and rabbit, after the eyes look absolutely normal to superficial examination.
The appearance and course of this central lesion affords a striking example of some of the phvsical and chemical properties of mustard gas. That the liquid penetrates with remarkable rapidity is shown by the fact that it passes through the cornea and aqueous in six and a half minutes. It is, as it were, soaked up by the cornea and spreads widely within it and throughout the deeper structures also until it has become sufficiently diluted or broken down to cease to act. On its passage through the cornea it changes the fibres, and kills epithelium, corneal corpuscles and endothelium. The epithelium and endothelium are replaced by cells from bevond the lesion, but the substantia propria, though permanently altered, is not cast off as a slough, and after a brief period of cedema, returns to its normal thickness though it still shows a pathological change which may be permanent. Since the cornea is not vascular we can thus see the action of the mustard on a tissue uncomplicated by coincident disturbance of circulation, except at the limbus where there is slight hyperaemia. It is interesting to note that even in the absence of capillaries, cedema is a prominent feature of the lesion.
(2) THE LESION INVOLVING THE CORNEOSCLERAL JUNCTION The lids of some rabbits were held open with a speculum. Other rabbits were anaesthetized. Five to nine droplets were applied to a sector of the cornea in the shape S Section of Ophthalmology 233 of a V with the ends of the two limbs on or near the limbus. The treated eyes were kept open for fifteen minutes after the application, in all cases except those in which the speculum accidentally fell out. In this way a certain variety of lesions was produced; in some cases all the nine spots were effective, in others, some of the spots were not as large as others and in some the third eyelid brushed over the cornea before fifteen minutes, or the lids partially closed. Thus it was possible to study a series of lesions, varying from a pure corneal and corneoscleral lesion to one of moderate severity involving the third lid or the margin of the upper lid as well. A further series of experiments to be dealt with later, was done, using a single measured drop placed on the cornea, the eye being allowed to close immediately, so that the drop spread to the cornea, limbus, ocular and palpebral conjunctiva and the lid margins.
(i) Sectorial lesion of moderate severity.-51 eyes were observed in this group. Not all the rabbits were anaesthetized. The spots (five to seven) were placed in a V-shaped area at the upper part of the eye, the apex of the V at the centre of the cornea and the two limbs on the corneoscleral junction (see fig. 1 , Plate I).
Observations.-At the time of application the eyes water slightly but there does not appear to be pain in the unanaesthetized animals. In about six minutes the section of the iris underlying the V becomes hyperaemic, the radial vessels running towards the pupil first and then the larger vessels peripheral to the major circle ( fig. 1 , Plate I). In ten minutes the conjunctiva at the limbus becomes slightly swollen. In two to three hours there is a small fleck of mucopus at the inner canthus, the conjunctiva in the sector of application is more swollen and the spots stain individually. The hyperaemia of the iris vessels spreads so that the whole iris is engorged in five hours. In six hours there appears to be slight photophobia and the eyes are kept half shut. In seven hours the slit-lamp shows an aqueous flare (= increased albumin content of aqueous). The corneal changes are as described above.
In one day the eyes are open with slightly drooping lids, conjunctivae are hyperaemic and flakes of mucopus are found at the inner canthi. If this discharge dries on the fur of the lower lid it may produce a mechanical ectropion which disappears on washing the lid. The whole of the sector of application, not only the spots, now stains with fluorescein and also the cedematous conjunctiva at the limbus opposite it. The stain on the conjunctiva is orange, that on the cornea green and shows unusually rapid penetration, apparently due to damage to the stroma (substantia propria) allowing the dye to soak through.
If the epithelium is mechanically removed from the rabbit's cornea and fluorescein dropped on, the colour begins to appear in the aqueous in twelve minutes, but in the mustard gas injury the fluorescein passes into the aqueous in from three to five minutes.
There is destruction of epithelium in the staining area and bedewing over a wide area but not over the whole cornea. The substantia propria in the sector is cedematous (primary aedema) and the spots of application may look denser than the rest as in the central lesion described above. There is the endothelial disturbance previously described or destruction. The pupil may be sluggish and there is hyperacmia of the iris and an aqueous flare. In some cases a gelatinous exudate can be seen coming from the sector of the iris corresponding to the sector of application. In two days there is still slight mucopurulent discharge and where.it sticks to the fur this tends to fall out, but the lids are not glued together, though they may be slightly swollen. The epithelium is beginning to cover the denuded area by sliding from the healthy parts. This can be seen in brown and blue eyed rabbits as the pigmented conjunctiva at the limbus slides over the cornea carrying the pigment with it ( fig. 5 , Plate II). This pigment slide begins in about forty hours and continues for three days, i.e. until the epithelium can no longer be stained. The new areas of epithelium show bedewing. The substantia propria is more cedematous-in the sector and just beyond, but the penetration of fluorescein is not quite so rapid. The iritis is subsiding.
The conjunctiva at and between the points of application at the limbus is aedematous, quite white and no blood-vessels can be seen in it. There is usually a line of hiemorrhage at the limbus and sometimes above the pale area. The surrounding conjunctiva is hyperaemic.
In three days the staining area is less and the discharge is clearing up, unless the lids have been accidentally touched-when it persists longer. The corneal oedema has increased 234 Proceedings of the Royal Society of Medicine 6 slightly, and the migration of pigmented epithelium has progressed. The cedema is mostly of the superficial third of the cornea.
In four days: As a rule the staining has almost or completely disappeared (as in the central lesion) and the pigment is scattering over a wider area and disappearing. The cedema of the substantia propria is less and is confined to the sector. In the conjunctiva there is increased capillary activity at the margins of the pale area and the limbal loops on either side of it are engorged. The eye on the whole looks better.
In five days there is no stain, practically no discharge and the cedema is much better, though still present in the sector just at the limbus. The conjunctiva is not hyperaemic except just at the limbus at the edges of the pale patch where the limbal loops are active.
The iritis has disappeared.
In six days the eye looks macroscopically quite quiet except for a very faint haze above. The cedema (primary cedema) has practically disappeared ut the slit-lamp shows great activity of the conjunctival vessels at the edges of the pale area ( fig. 6 , Plate II). If the eye is observed only until this stage it would be passed as practically cured, and so far,the course is that of the pure corneal lesion except for the damage to the vessels at the limbus.
In nine days, however, a marked change for the worse is apparent. The conjunctival vessels are beginning to invade the cornea at the edges of the sector, not only superficially, but also at all levels, most of them being about one-third the way through. These invading vessels are accompanied by a considerable increase in the cedema of the substantia propria (secondary cedema) which just precedes them and spreads through the sector as the vessels advance. The rest of the conjunctiva is not hyperoemic and there is no fresh discharge but the cornea begins to look worse.
In eleven days the invading vessels are well established and the secondary cedema is considerable. The appearance is often like the typical " salmon patch " of interstitial keratitis in man with the difference that although the vessels in the cornea are at varying depths they all originate from the superficial conjunctival vessels and not from sclerIl branches. The advancing capillaries are peculiar and their distribution characteristic. They grow in as fine straight vessels with tapering ends which do not yet curve round to make a return channel. Close observation with a slit-lamp magnifying 25 times fails to reveal any movement of the blood in these tips which are packed close with corpuscles. The ends often branch at right angles, or right-angled branches occur nearer the source of the vessels. The blood appears to clot in many of the tapering ends; intracorneal haemorrhages spread out from them; hemolysed blood can sometimes be seen seeping along the corneal fibres. More often the tapering ends of the vessels become detached. This is usually followed by the formation of a channel for a return sapply at the proximal end. Some of the invading vessels have bulbous ends and assume fantastic shapes, detached points, branches and islands of blood being constantly formed, disappearing and reappearing rapidly, the whole pattern varying from day to day, always extending farther into the cornea, and always accompanied by secondary cedema ( fig. 7 , Plate III). The patterns assumed by these invading vessels suggest that they are growing unchecked into spaces formed by splitting apart by cedema of altered corneal fibres. Their arrangement is not unlike that of the so-called Bowman's canals, an artefact produced by splitting a cornea by forcing air into it, which show the same bulbous ends and right-angled branchings. On the other hand their ars'angement often differs entirely from that of blood-vessels grown experimentally in the transparent Sandison-Clark chambers in the rabbit's ear. The vascularization spreads and increases from the eleventh to the thirtieth day or longer. The pale area of conjunctiva (which has been killed) is invaded by regenerating vessels which in turn spread to the cornea, but the first and greatest invasion is from the edges of the sector, through the uninjured limbus. Most of the vessels lie one-third the way through the cornea. After thirtv to thirtv-five days the supply vessels begin to narrow, the circulation slows, the tapering ends disappear and the remaining vessels narrow down and gradually become more regular. The cedema subsides simultaneously. The pigment line which is broken at the limbus may partially reform. The pigment scattered on the surface of the cornea disappears and the eve begins to improve again. As the corneal cedema subsides the silky appearance mentioned in the pure corneal lesion becomes visible throughout the greater part of the sector.
By about the sixtieth day or less the secondary cedema has all cleared up leaving only the silkiness, which is more or less permanent: that is to say, it has disappeared after 7 Section of Ophthalmology 235 more than a year in a few rabbits. The haemolysed. blood disappears as do many of the vessels. Those remaining become fine and regular in arrangement and are often empty. 'They can be made to fill up temporarily by gently rubbing the eye through the closed lids. Slight changes such as endothelial disturbance, faint pigment speckling and faint epithelial bedewing may persist for three months. Indeed slight epithelial bedewing and Hassl-Henle bodies on the endothelium may remain almost indefinitely. Such an eye, however, does not seem in danger of relapse.
(ii) Sectorial lesion of greater severity with slight lid involvement.-Thirty-nine eyes were observed in this group. If nine spots are applied and the limbus and conjunctiva slightly more injured than in the preceding series, as well as possibly a small area of the lid margin or the third lid, the course of the process is lengthened and various further changes occur. These can be classified as: (a) Increased (a) and (b). Increased discharge and recurrent thromboses.-The lesion is at first similar to one of moderate severity except that the discharge persists longer, especially if the third lid has been injured. The cedema of the substantia propria, both primary and secondary, involves not only the sector of application, but the whole cornea; and the newly formed vessels are more exuberant. The clearing up of the primary cedema at the end of the first week is not so complete. The condition begins to clear up at about, sixty days as before, but instead of steadily subsiding it shows exacerbations about every fortnight after that, with fresh ingrowth of vessels, increase of cedema and thromboses and intracorneal hemorrhages which begin to clear up again and then recur. These events may continue for six or nine months or more, and then finally cease, the vessels narrowing and the oedema subsiding but probably relapses are alwavs possible since many vessels romain in the cornea.
(c) Blood islanids ( fig. 8 , Plate II).-In some lesions similar to those described above the intracorneal haemorrhages take the form of large blister-like collections of blood, usually in the most superficial layers of the substantia propria. The vessels of supply constrict and disappear but the " blood islands " remain for many months. There appears to be no great stimulus for their removal, such as exists in connective tissues.
(d) Deposition of cholesterin and fat.-In some instances of severe vascularization especially if there is one large vessel of supply arborizing freely towards the centre of the cornea, the regression of the vessels at about three to four months may be accompanied by the deposition of cholesterin crystals, first outside the vessel walls and later over the whole area previously 'occupied by them. As the vessels retrogress the cholesterin is left behind often in the form of a semilunar glistening opacity with its concavity towards the main supply vessel ( fig. 9 , Plate IV). Fatty degeneration visible with the slit-lamp as opaque, flocculent, white masses may follow the cholesterin and both may be present together. The eye may be fairly quiet after six to seven months. If it be watched, however, it will be seen to break down again in about seven to eight months, the cholesterin apparently working up to the surface, causing ulceration of the epithelium and being cast off with loss of substance so that a small pitted scar is left. The fatty degeneration also mav lead to recurrent secondary ulceration. These eyes continually heal and' break down, each small ulcer staining for about four days. In some cases, however, the cholesterin is deposited in the deeper layers near Descemet's membrane where it does not cause secondary ulceration and remains unchanged; in others it disappears without ulceration.
(e) Persistent wedema and formation of fibrous tissue.-When the eye and lids have been more severely injured and the discharge has been greater and more prolonged, there .may be no tendency for the cedema to clear up ( fig. 10 , Plate IV). The primary cedema may merge with the secondary cedema and the whole cornea may become completely waterlogged and enormously swollen up to twenty times its normal thickness. This may persist, with repeated thromboses and exuberant vascularization for months. Large blister-like collections of flu'id form among the superficial fibres of the substantia propria and occasionally though not often between the epithelium and Bowman's membrane. The surface becomes irregular, corrugated and thrown up into ridges and circular blebs. In these the corneal structure is entirely replaced by very vascular fibrous tissue which may invade the larger part of the cornea. These cedematous thickened fibrous corneae never clear and show a great tendency to secondary ulceration and to surface keratinization. Large 236 Proceedings oJ the Royal Society of Medictne 8 superficial ulcers may occur after about seven months ( fig. 11 , Plate V). They may take a week or longer to heal and then break down again. They are much larger and more persistent than the small ulcers associated with cholesterin noted above. Some of these corneae have been observed for nine or ten months and show no tendency to stabilize or resolve.
In some cases the blisters and blebs become filled with pus and indeed in all these severely injured eyes there is persistent discharge. How great a part infection plays .n keeping up the cedema is not yet clear, but it seems likely to be of more importance in cases where the lids are injured severely as well as the cornea and limbus.
(3) SEVERE LESION OF THE WHOLE EYE AND LIDS Fifteen eyes were used in this group. If a large measured drop (approximately 0-0005 c.c.) be placed on the cornea and the eye allowed to close, a generalized lesion of great severity is produced. The reaction is too great to study the early stages in detail. For the first nine days the evelids and ocular and palpebral conjunctiva are so swollen and oedematous that it is impossible to see the cornea. There is copious discharge which glues the lids together and mats the fur and causes it to fall out over a wide area around the eye. As the swelling decreases and it becomes possible to see the eye, the lids become notched or " ruffled " and everted so that the lower lid especially is not properly in contact with the globe and is constantly covered with discharge.
The corneze are richly vascularized and excessively cedematous. Necrosis of the cornea may be so extensive that in two and a half to th'ree months the substantia propria will appear to deliquesce and disappear over a large or small area, giving rise to a descemetoccele which eventually ruptures, with collapse of the eye, infection, panophthalmitis and finally phthisis bulbi with a shrunken globe, deformed lids and chronic discharge. COMMENT These possibilities can be tabulated (see Table I ). They correspond very closely, though much condensed in time, with the lesions seen in man, including the " delayed keratitis" still affecting men exposed to mustard gas in the last war. (Edema, persistent epithelial bedewing, nebuLe and silkiness, vascularization, recurrent thromboses and intracorneal haemorrhages, curiously shaped vessels, blood islands, cholesterin, fat, recurrent ulceration, perforation and phthisis bulbi have all been observed in man so that there seems good ground for supposing that the experimental lesion in rabbits produced by droplets is comparable to the effect of fairly severe exposure to vapour in man.
The majority of these pathological changes may be produced by agents other than mustard gas. The most characteristic signs are the blood islands and the peculiar varicosities seen after subsidence of the acute stage, also the ulceration of the superficial cholesterin deposits in the absence of fat. So far these signs have not been produced in rabbits by any other means, nor observed in man in conditions other than mustard gas lkeratitis. The diagnosis rests on a combination of the non-specific lesions with the typical vascular and degenerative changes in a definite time relationship and at a definite anatomical site. The lesions in man are described in the next section.
In conclusion we wish to thank Group Captain P. C. Livingston, Flight Lieutenant H. M. Walker, and Messrs. Glaxo for their collaboration in handing over to us their collection of rabbits for a study of the late lesion in their series as well as our own. By IDA MANN, F.R.C.S. A sufficient number of cases of mustard gas injuries to the eye in man were available for the correlation of the changes with those in the rabbit. Allowing for slight anatomical differences which modify the appearance somewhat in rabbits, the similarity is remarkably close. 
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Chavasse for allowing me access to his cases, and to Mr. T. J. Phillips for permission to use his cases and detailed unpublished work, on the late stages of the lesion, which has been necessary to complete the picture.
Although observations on the recent accident cases are still continuing and certain gaps exist in the human series, it is possible to say that-(1) The pathological process is similar in man and the rabbit, the time relationships of the various stages being comparable, taking the accepted standard that a rabbit's life is.
one-tenth that of a man and its reactions therefore ten times as fast.
(2) That the reaction (acquired sensitivity apart) in man as in the rabbit is dependent on the size of the dose and the anatomical situation.
(3) That the explanation of the " late keratitis " seen in man up to twenty years.after exposure has been attained by observation of the lesion in rabbits.
The human cases can be divided into five groups depending on the severity of the lesion. GROUP 1.-EXTREMELY MILD CASES. CONJUNCTIVA ALONE AFFECTED Ten cases fell into this group. They were examined at varying times after the accident from nine days to two years. Most of them were wearing either eye shields, chemical goggles or respirator at the time of the accident, which in some cases was a direct splash, in others exposure to vapour. The amount of protection afforded even by the Army eye shield appears to be considerable.
Three of the cases were unaware that they had been exposed until the onset of symptoms. The usual history, however, was that the eyes became slightly bloodshot and the lids slightly swollen a few hours (usually not more than six hours) after known exposure. Complaint was made of a feeling of irritation, but there was very little mention of photophobia and the eyes were never closed. The feeling of soreness lasted usually four to seven days, but the patient did not stop working. In some cases the irritation was said to have lasted some weeks, but nothing could be seen to account for it.
In none of the cases examined in this group was there any corneal abnormalitydue to mustard gas.
The earliest case seen was at five days. The patient had also had an erythema of the neck which was still just visible. The eyes showed hyperaemia of the conjunctivae but no hcemorrhages or anatomical disturbance of vessels. This was 'all that was ever seen in cases in this group.
Two of the cases are instructive. They both had a history of a splash and in each case the eye was washed out very efficiently and copiously (in one for twenty minutes) within less than a mipute. One used bicarbonate of soda lotion first and then tap water, the other tap water only. In one case the fingers of the man who washed out the eye wereburnt as were the patient's lids. In both the lids were very swollen and the eye closed the next day, suggesting a severe lesion, but when the eyes could be opened, in four days, it was found in both that the cornea had escaped completely, although there was intense conjunctival hyperoemia. On the thirteenth day, in one patient, the skin of the lids showed hard dry sloughs, but the eye was open and the cornea absolutely normal, in spite of the fact that the lower fornix and lower half of the ocular conjunctiva were intensely hyperaemic, making it certain that some mustard (either vapour or liquid) had actually entered the eye. The other case had occurred two years previously and at present the cornea shows no scarring and there is no disturbance of the limbal blood-vessels. In this case also the eyes were closed for four days and the patient was off work for three weeks. GROUP 2. MILD CASES. CONJUNCTIVA HYPERAMIC AND CORNEAL EPITHELIUM INJURED Nine cases fell into this group. The earliest seen was three days after the injury, which was caused by vapour. The first thing noticed was a feeling of soreness in the eyes 'and' throat on waking in the night nine hours after exposure. The left eye was slightly worse than the right. The voice was hoarse. The eyes could be opened but there was photophobia and lacrimation (which were still present at examination). The conjunctivae were hyperaemic and the corneal epithelium in the palpebral aperture was aedematous (epithelial bedewing) and faintly grey and slightly hazy. In the left eye a few minute punctate staining areas could be seen in the oedematous area. (In one case this was still visible at I 1.
7,_ 1. w_ * _ 7-* --lll.
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Section of Ophthalmology 239 nine days.) In the right eye a few fine, shining lines could be seen in the centre of Descemet's endothelium and the outer side of the iris was hyperaemic. This seemed to show that there wa's some penetration deep to the epithelium, but there was no cedema of the substantia propria and the condition cleared up completely in both eyes. Three months later both corneae were normal, with slight conjunctival hyperaemia. The triangular white patches of conjunctiva often described at the limbus are not seen in either Group I or 2. They occur only in more severe lesions. The lesion in this patient resembles very mild epithelial damage in the rabbit. The epithelial bedewing subsides, but before complete restoration to normal there is a stage at which a linear group of isolated shining dots (single hydropic epithelial cells) can be seen with the slit-lamp in the line of the palpebral aperture. In mild cases this is all that may be seen by the fourth day. In slightly more severe cases they may remain visible for from four to six weeks. These may be present even in patients who have not made much complaint. In one case in which the eyes were completely closed for one day the patient was able to return to work in forty-eight hours (though the lids were sore for three days more), but hydropic cells were present in fairly large numbers for three weeks and could just be detected for six weeks.
One case in this group was unable to open the eyes for four to five 'days, one for one day, while the rest stated that though the lids were swollen the eyes could just be opened. GROUP 3.-SEVERE CASES. CORNEAL EPITHELIUM AND SUBSTANTIA PROPRIA CEDEMATOUS.
INVOLVEMENT OF CONJUNCTIVAL VESSELS, ESPECIALLY THE LIMBAL SUPPLY
Four cases fell into this group, of varying degrees of severity. In these cases and in those of Group 4 we begin to be able to draw a definite parallel between the lesion in man and in rabbits, since in none of the rabbits was the lesion slight enough to produce Group 1 alone and seldom Group 2.
The first case had had fairly severe exposure to vapour in the laboratory, having worked unprotected in it for some hours as he had a cold and could not smell it. He noticed irritation'that night and by 7.30 a.m. was sure he had been burnt. He was admitted to hospital by 2 p.m. in very acute pain, with the lids swollen, eyes closed, chest affected, hoarse voice and burns on hands and arms. Phenolaine was dropped into the eyes with no effect. He was then given atropine and cocaine with considerable relief. The lower part of both corneae was hazy and swollen. There was definite cedema of the substantia propria. In the left eye there were subconjunctival haemorrhages at the limbus below and an avascular white necrotic patch in the conjunctiva near the limbus somewhat like the triangular white areas at the limbus described in acute cases in the last war. This condition was still present at the end of a week when I saw him first, but the cedema (primary cedema) of the substantia propria was subsiding fairly rapidly.
The second case was similar and not so severe, though the chest was also affected. I did not see him till three weeks after the accident, when the right eye showed epithelial bedewing only. The left eye (Coloured Plate, fig. 1 ) showed a small patch of hyperaemia on the palpebral conjunctiva of the upper lid, a slight corneal haze in the palpebral aperture and at the inner canthus a pale triangular area in the limbal conjunctiva. Three months later the corneae were normal, the granulating area on the lid showed as a healed but intensely red spot, and in the pale area against the limbus the limbal loops were absent, and the vessels beside it slightly hyperaemic. There were no symptoms. The third case was seen eighteen months after the injury; There were no symptoms. The cornexe were normal, but in both eyes there were faint, pale, triangular areas at the limbus (their apices pointing to the inner and outer canthi) in which the limbal capillaries were absent and their place taken by a sparse and irregular arrangement of larger vessels. This appearance is sometimes called " marbling .
The fourth case, which was first seen a week after the injury, has been watched for over three months and promises to be the most severe and also the most instructive, since the period for which we have no accurate records even from the last war is that from three or four months to five or six years after injury.
This man was opening a cock and got a spray of liquid mustard over his face. He was wearing celluloid eye shields. He received first-aid treatment within ten minutes, con-
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Proceedings of the Royal Society of Medicine 12 sisting of washing his skin and eyes with bicarbonate of soda lotion (no copious irrigation of the eyes was given) immediately after which liquid paraffin was dropped into the eyes. In five hours the eyes and lids began to burn. Three hours after this, at eight hours, he was admitted to hospital with both lids extremely swollen and the eyes quite closed. The conjunctivae were cedematous and the left was even then obviously worse than the right. In three days the lids could just be opened but the sight was misty in both eyes according to the patient. There was no blistering of the lids and no purulent discharge, only clear tears. Cocaine 2% was given whenever pain became excessive and gave great relief. It did not appear to have any harmful action. The right eye improved quicker than the left. I saw the patient on the eighth day. The right eye was open though the lids were swollen and the conjunctiva hyperaemic. There was no stain. There was diffuse epithelial bedewing across the lower part of the cornea with scattered minute white dots, probably single, hydropic, epithelial cells. The limbal blood-vessels were engorged especially below. The endothelium was normal. This lesion belongs to Group 2 and when seen at three weeks was still hyperaemic. At six weeks it was completely normal again.
The left eye on the eighth day was extremely hyperoemic and the conjunctiva in the palpebral aperture and also to a slighter extent in the fornices was oedematous, gelatinous looking and slightly raised up so that it formed a rim round the cornea which appeared depressed below its level. The vessels were violently congested and towards the outer canthus showed some irregularity of calibre. There was punctate staining of the cornea which was greyish and hazy especially in its central and lower part, presenting the characteristic peau d'orange appearance of the early severe lesion in man. The corneal epithelium was oedematous, the underlying substantia propria showed an altered, more shiny and brighter zone in its anterior one-third (early oedema) with endothelial disturbance and ruckling of Descemet's membrane ( fig. 12 , Plate V). As the iris was brown, hyperaemia could not be made out. At the limbus on either side in the palpebral aperture were several somewhat circular opaque whitish patches, looking a little like small ulcers or sloughs but not staining with fluorescein. They occupied the position of the triangular patches usually described but were different in shape and extended on to the cornea. They probably correspond to the pale area at the limbus in the sector of application in the rabbit experiment. Their appearance thus suggested those seen in rabbits with a lesion involving corneoscleral junction and lids, at twenty-four hours. This is to be expected if ten days for a man is roughly equivalent to one day for a rabbit. I next saw the patient at three weeks. He was unable to work. The right eye had recovered except for hyperacmia but he stated that the left had at first improved greatly (probably corresponding to the healing of the epithelium and subsidence of primary cedema) and five days before had relapsed and he now wanted to keep it shut as there was a feeling of a foreign body all the time, especially under the upper lid.
The conjunctiva was not so swollen but conspicuous changes had occurred in it (Coloured Plate, fig. 2 ). The opaque areas in the limbal region were now present as areas of disturbance and partial destruction of the limbal capillaries. Above and below them were large subconjunctival haemorrhages and amongst these were many dilated vessels with thromboses.
The cornea was clearer but was covered with a very large number of minute whitish specks, probably closely set hydropic cells (many of them less shiny and whiter than in the milder cases). In the-lower part of the cornea there was cedema of the substantia propria, with engorgement of the limbal blood-vessels. With the slit-lamp it could be seen that the texture of the substantia propria was altered in its superficial layers ( fig.   13 , Plate V). On everting the upper lid an oval patch could be seen on the tarsal plate, white, opaque, with no visible blood-vessels and resembling an infarct. A similar patch was present at the limbus on the inner side. Both were surrounded by engorged vessels.
They were similar to conjunctival and lid lesions in rabbits.
I next saw the patient at five and a half weeks. He was unable to work and still had the feeling of a foreign body under the upper lid in the region of the necrotic patch,
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Section of Ophthalmology 241 which remi-ained dead wvhite. The white patch on the ocular conjunctiva was surrounded by haemorrhages and extended on to the palpebral conjtunctiva below (Colotured Plate, fig.  3 ). The cornea was mtuch clearer. The (edema of the sUbstantia propria had subsided, thouigh there was still bedewing of the epithelium. The stroma showed an altered textulre, best described as a faint dappling, in its superficial layers (figs. 14 and 15, Plate V). This eye appears to be in the condition of a rabbit at fouir to five days, when the primary cedema is sub-siding, the thromboses and hoemorrhages are still present at the limbus, no vessels having yet grown in, and the eye is rapidly quietening. The dappled appearance in man seems to correspond with the silky change in rabbits. The difference iS probably due to anatomical differences in arrangement of cells and fibrils.
At eight weeks the patient wvas back at work, anid felt much better. The white patch under the upper lid wvas smnaller andI wvas partially vascularized. Althoulgh the man complained of very little the eye appeared rather worse. There was intense engorgement of the ocular conjunctiva around and in the previously seen white patch below and also to the inner side. There was a reappearance of the corneal cedema below and the limbal blood-vessels on either si(le of the necrotic area were beginning to invade the cornea.
There were thromboses at their growvinlg tips and intracorneal hUnmorrhagcs in th.2 sup)erficial layers of the substantia propria (Coloured Plate, fig. 4 ). The secondary oedema anid vascUlarization were beginning and the condition corresponded to the rabbit at five to scven days. The patient was niext seen seveni m11on1ths after the injury. He stated that he hla(d recovered and(I worked until two weeks previously. At that time the feeling of a lumtnp uinder the lid " retturned. He was off work. He showed mintute hxemorrhages arouind the necrotic patch uinder the tipper lid. The necrotic patch was completelv revascul1arizcd and contained globules suggestive of fat. There was also some granulation tissue around it. The corneca wvas still bedewed and in the area of limbal involvement there were some new! hlinorrhages from the exten(ling capillary loops in the cornea anid also dleep in the con-jUnCtiVa (ColoUrecd Plate, fig. 4 ). This ease therefore wvoulld appcar to bc in tCa atg-e of recurrent h1ienorrhagcs and probable thrombosis which begins in the rabbit after the first iTioh)th. Ihis history brilngs ou-t very well the extreme slowness of the changes in man anid the likelihood of nmistaking a cliniical ctLrC for a true ctLre since a goo(d deal of the process in the more seriouis lesions is lpracticallv svmptomless. Cases stlch as this in which-vasctUlarization and secoindarv (Edemra occuIr may stibsidce and give rise to ino fuirtlher symilptomiis (cf. the subsidence in rabbits after one to four molnths). Thlrce stuch cases from the last wvar were examnined and although they consi(dered that their cves had recovered completely they all showved tvl)ical changes.
Tlhe mildest case seen was gassed in 1917 an(d recovered after six moinths. One eve remained symptomless, but the other has had severe tulceration following an injury With sand(I in 1934. The uninjutred eve slhoNcldestruictioni of limnbal loops anld a few.E varicosities of the conjunctival vessels in the palpebral aperttire. The cornea showed epithelial bedewing, a faint dapplinig in the stLiperficial layers of the substantia propria.
anti a disttirbance of tl-he endotlhelitlIll ( fig. 16 (1 and 6,1Plate V). rIo other cases of greater severity but also svmptomless were seeni. TFhey both showecd Idestruction of limbal capillaries in the white triangular area, varicosities of con jlinctival -essels, epithelial bedeiving, siniiiv (lots and lines in the substantia propria ( fig. 17 , Plate V) and also a pecuiliar appearanice, probably dliagnostic wvhen it occtirs and not so far seen in rabbits. This is usuallyal referred to clinically as lblack Iines' or tubes ( fig. 18 , Plate V). It is an appearan'ce of branching clefts or spaces rt-inning throtIgh the substantia propria at all depths anid more or less perpendicuilar to the stirface. It does not alter the transl)arcncy of the corinea tiUt definitely indicates a delep penetratioii 1y mustard gas in the past. It affects only the part of the cornea exposedl and not necessarily all of that. It is not presenit in every' case. Sometimes grev lines are seen instecid of, or as velI as, the " black " clefts. Thev are not so far explained and prob)ablv have no conie\;ion With Proceedings of the Royal Societu of Medicine 14 deposition and fatty degeneration or persistent aedema) may begin in eight to nine months we should expect to find ulceration in man in about eight to ten years when the slow degenerative changes will have reached the requisite stage. The interim period is symptomless since there is no loss of epithelium and the changes are confined to the substantia propria of the scarred area. There is decreasing vascularization as the vessels recede, leaving behind them the deposit of cholesterin, so that clinically the eye appears to be getting better all the time. A study has been made of 39 cases and case-histories of patients at present attending Moorfields Eye Hospital or the Ministry of Pensions for delayed war gas keratitis, and this, together with Mr. T. J. Phillips' examination of 70 cases and my own observations on the course of the recurrent attacks, completes the picture. Coloured Plate, figs. 5 and 6 show a typical case.
T'ypical Case of Delayed Keratitis .A patient aged So was examined. He gave a history of exposure to gas from a gas shell barrage in Julv I917. He put on his gas mask, left the lorry he was driving and went into a dugout for some hours. He was in hospital in France for a month and in England for six months during the whole of wrhich time his eyes were kept bandaged. He had burns on the face and his chest vas affected. His eyes gradually recovered except for slight dislike of strong light, but his chest has given trouble ever since.
In 1927 he attended an eye hospital for corneal ulceration, especially in the right eye. The individual ulcers healed quickly, often in a few days, but the irregularity of the surface of the cornea increased after each attack (cf. depressed area in rabbit's eye where cholesterin has been cast off, fig. g , Plate IV) as there seems to be actual loss of substance when the degenerated area ulcerates. His sight therefore steadily deteriorated and in 193I he was awarded a pension for his eyes. The recurrent ulceration continued and this year he was seen by Mr. Phillips and fitted with Dallos contact lenses. His visual acuity is R. eye= , L. eye = F not improved by spectacles. With contact lenses which are well tolerated he is improved to R. eve= W partly, L. eve = *q, and so far has had no recurrence of ulceration. He shows in the right eye (which has had most ulcers) cholesterin crystals, fatty degeneration, silkiness (seen partly as dappling and partly as fine short lines, slightly different in texture from that in the rabbit, and probably depending on the slightly different shape and size of the cells and fibres in man) and irregular vessels in process of disappearing together with deposition of cholesterin (cf. rabbit, eight months or more). In the left there is less cholesterin, grey and black lines and alteration of the substantia propria.
The astonishing improvement in visual acuity with contact lenses which he shows is seen in all cases and is due to the substitution of the smooth glass for the irregular and uneven corneal surface as the main refracting interface. The good tolerance of ail delayed gas keratitis cases for individually fitted contact lenses is associated with a certain amount of corneal anaesthesia from previous destruLction of nerve fibres and the effect of the lenses in preventing recurrent ulceration is probablv explained by the protection of the partially insensitive cornea from mtultiple minute injuries. The same beneficial effect is seen from a tarsorrhaphy, but the contact lens has these great advantages, that it is permanent, transparent and' improves visual acuity.
All the cases of delayed ulceration (which should not, in mv opinion, be called keratitis. as it is not an inflammation but a degenerative ulceration) show these changes. The typical picture is of an eye in which the upper part of the cornea and the limbal loops. are normal ( fig. 19 , Plate VI). Across the centre and lower part runs a band of opacity stretching between the white areas on the conjunctiva in which the limbal loops are absent and the few vessels there are, are badly formed. The scar shows great irregularity of surface. At its edges and in its base are cholesterin crystals. It is vascularized by peculiarly contorted and varicose vessels which enter through the normal limbus above and below the worst scars ( fig. 20A and B, Plate VI). There may be narrow constrictions, blood islands, intracorneal haemorrhages and thromboses. The scar shows in addition to thecholesterin, white flocculent masses of fatty degeneration, patches of a fibrillar silky texture and black and grey lines of a peculiar distribution. All these changes except theblack lines, have been reproduced in rabbits. The pathology therefore appears as a slow degenerative process. It is initiated by direct chemical action which produces injury and intense cedema. These two factors combined allow invasion of the cornea by newly formed blood-vessels which are extremely abnormal in form. They are derived from both normal and injured conjunctival vessels. As the corneal vessels slowly retrogress in the course of vears, blood may be left in the stubstantia propria. Vasctular regression is followed by 15 Section of Ophthalmology 243 cholesterin and fatty degeneration which are responsible, alone or combined, for the "delayed keratitis " (see Table II ). Although there is said to be a completely quiescent interval of six to sixteen years the eyes show definite diagnostic signs the whole time, and are merely symptomless. GROUP 5. EXTREMELY SEVERE CASES SHOWN'ING CORNEAL PERFORATION These cases are very rare in man. I have only seen one which is undoubted and have heard of two others. The patient I examined is now aged 55. He stated that he was in a " pill box " in 1917 and a gas shell entered it and exploded within 6 ft. of him, splashing him with the contained liquid mustard. He felt a splash in his face and eyes. He had a burning sensation for a short time but could open his eyes at once and could see for about ten hours afterwards. Intense discomfort and mLch swelling of the lids then came on and he was unable to open his eyes for ten weeks. When the lids opened he could at first see practically nothing but in the following nine months his sight improved so that he was able to read with glasses. He worked as a gardener but had frequent attacks of discomfort and burning. For the last fifteen years he has had severe attacks of ulceration and a perforation occurred in the left eye.
At the present time the right eye shows a typical cholesterinl scarring which is more severe than usual as the whole cornea is involved and n1ot onlv the exposed portion. The left eye, however, shows a perforation which has healed with inclusion of iris. This is above the centre of the puLpil, is small, a-lmost circuLlar andl resembles those seen in rabbits except that it has healed, while in the rabbits complete phthisis bulbi usually resulted. The whole of the rest of the cornea is scarred, vascular and irregular. This patient cannot tolerate contact lenses though thev improve his visuial acuity from coullting fingers to in his better eye.
This case completes the series and corresponds with the ral)bits in Group 3. It is probable that only a direct splash in man would cause perforationi, though, as we have seen, prolonged exposure to vapour will produce nearly as severe a lesion, the difference between the effects of vapour and the effects of a splash of liquLid being merely one of degree and situation. It is thus apparent that the difference betvween the effects of vapour and the effects of a splash of liquid mustard gas is merely onle of degree and situation.
All stages linking the two have been seen and of the severe but symptomless cases described in Group 3 (page 11) one was due to prolonge(d exposure to vapour in France in the last war and the other to a splash in a laboratory. To-dav it is not possible to say which lesion is due to the splash and which to vapouLr. The vapOuir burn is, if anything, the worse of the two.
Twenty of the very severe cases from the last wvar were questionied as to circumstances and length of time in hospital. 15 out of 20 were conifined in an enclosed space for some hours in vapour (dugout, trench, cellar, &c.), 8 stated that it was not raining at the time and some gave their opinion that gas was not troublesome during rain. Three were not wearing a gas mask. One wore it all the time, bUt WaS several hours in vapour. Ten only wore the mask part of the time. All of them were seriously ill, vomited, anid several were unconscious soon after. The average stay in hospital was six months and the average time the eyes were closed was seven weeks. Mlany stated that their eyes were kept bandaged and this mav have lengthened the time. It is probably better not to bandage.
CONCLUSIONS
(1) The clinical pathology of the lesion involving the linmbuts is similar in man anid the rabbit (see Tables I. and II).
(2) The reactioin in man and the rabbit is dependenit oni the size of the dose and the anatomical situation. The effects of vapour and liquid are different onllv when the actulal amount of mustard gas which soaks into the tissutes is dlifferciet, i.e. the difference is quantitative only.
(3) The late keratitis in man is seen as a degenierativc uilcerationl clepending on the initial damage sustained by the limbujs and cornea, anid not on anxv continuiied action of mtustard gas or anv of its breakdown products.
(4) From 3 it follows that in the present state of ouLr knoowledge prophylaxis is likely to be much more important than treatment. It is v-ery diffictult to assess the value of treatment in man since the dose of mustard gas received can never be known, anid no two cases will be comparable. Two eves of the same patient may be colmiparable thotgh bv no means always, even when the lesionis are duie to vapouir. Vol. XXXV, No. 3.
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A 15 Fig. 1.-A. The dilatations of the smaller radial vessels in one sector of the iris 6-5 minutes after application of liquid mustard gas to the spots indicated in black.
B. The same eye at ten minutes. The peripheral vessels are now dilated as well. in the region of two spots of liquid mustard gas (after twentyfour hours). These are shown by darker shading and are thinner than the surrounding paler area which stains more deeply than they do. 
